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» H in metals

» OECD Megascience Forum
» NSE instrument

®» Promoting neutrons
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Exited state tunneling
of trapped H



Three-tler global strategy

3 next generation sources in Asia,
USA and Europe

Maximum utilization of current
front rank facilities

Maintain local neutron
mfrastructure as far as possible




NSE with wor ghest
Field integral (Resolution)

IN11 =0.2Tm
IN1IS5 =>0.27 Tm
JNSE/NIST =>0.5Tm

Multidetektor (32x32cm?)

Most modern compensated
Field design
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New Frontiers in the Application of -
Neutron Scattering to Materials Science




Neutron Scattering in Soft
Matter Science







Polymer
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Surfactants micellar
PO Iymer' solutions amphiphilics

crystals
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Surfactants micellar
PO Iymer' solutions amphiphilics

Membranes




Surfactants micellar
solutions amphiphilics
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large number weak interaction delicate balance
of internal degrees between the entropic<—» enthalpic
of freedom structural units  contrib. fo free energy
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Interplay : specific and universal

Bridge the huge gap in the length and time scale:

individual molecular units to the mesoscopic
structures

Fundamental understanding of interplay between
enthalpy and entropy

Out of equilibrium systems
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Contrast variation
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Glassy

LogEs [

(Pa) r : Rubbery Plateau
6 F Glass. Rubbery Flow
Transition
5 =
E Liquid Flow
4 Tg
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SOLID GLASS ¢ RUBBER MELT
s v
Vibrations, Chain aspects Center of mass
Short range rotations  q-relaxation Rouse, Reptation diffusion

Secondary relaxations

- Example
viscoelastic and mechanical
properties of polymers

Molecular Origin?

with

A. Wischnewski FZ Jdlich

M. Monkenbusch FZ Jdlich

L. Willner FZ Jidlich

M. Zamponi FZ Jilich
joni on d molecular: scale




Gaussian chain fricti

entropic Force
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<r2(t)> / nm?
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Halperin and Alexander

Only unimer exchange relevant for polymeric mic

(Aniansson-Wall mechanism):

E,~Ny'7y

®» Singl ponential relaxation for unimer exhange



PEO-PEP (20/1)
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‘ Polydispersity provides no
explanation

‘ Extremely broad
distribution of rates




» independent of system
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Logarithmic time dependence

®» escape time Halperin: minutes
» confinement in micellar core ?

®» hierachical processes ?






with

H. Endo

M. Monkenbusch
6. Gompper

J. Allgaier

R. Strey
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Jakobs et al. Langmuir 15, 6707 (1999)

New Macromolecular Surfactant PEO-PEP
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Vastly different

Cross sections

2-d contrast
variation
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Sys: polymer- film interference

®» Polymer scattering amplitude

polymer mushroom polymer film scattering
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Water .|
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3 phases




Self -assembly
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Wax crystal in Diesel oil plug filters

> L.J. Fetters (Exxon)

J. Huang (Exxon)
M. Monkenbusch (Jiilich)
L. Willner (Jilich)
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‘Brush Contrast

Core Contrast

45




Brush: loss of entropy due
to chain stretching

Core: crystallisation
enthalpy

chain folding

ethylene side
chains (defects)
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thickness change
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polymer aggregates
nucleation agents




Biomineralisation

Nature tailors crystal
growth (e.g. in bones
and teeth) using
associating polymers
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Problem

Patients with long
term dialysis display
down regulated fetuin
expression leading to
calcification of soft

tissue

D. Schwahn, H. Endo (FZ Jilich) and
H. HeiB, Jahnen-Dechant (RWTH Aachen)




dx/dQ(Q) [cm ]

0.66mg/ml BSA

50mM TRIS buffer
5mM CaCl, 2mM PO,

° HZO, @) DZO

0.28mg/ml BF
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Albumin
®» Large pm sized minerals
» Q3 — porous structure

Fetuin
®» Stable 100nm particles



» Bimodal protein
distribution in solution

- free proteins
- proteins associated
with mineral

self terms

P (Q) [107%cm’]
o

L)
[E—
i,
()

positive Ppy at higher Q
— protein outside mineral




proTeins air 1ne surrace




broad + rich field wit

ose links |

» proper length + time scales
» H/D contrast

Neutrons:

Decisive role in combination with
nced chemistry
» computer simulations and modellisation
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NSE at SNS: From ps to us
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Macroscopic softness

ary conditions

itivity to external

Self assembly

and structure formation

on mesoscopic
scales

Soft
Matter
Principles

Multiscale dynamics
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Specificity: chemistry
of building units
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